Introduction
Environmental innovation (EI) has been defined in various ways, to include different types of innovation (i.e., technological or non-technological), depending on the researchers' objectives and questions. For example, Rennings (2000: 322) views EI as "measures of relevant actors (firms …) which: (i) develop new ideas, behavior, products and processes, (ii) apply or introduce them, and; (iii) contribute to a reduction of environmental burdens or to ecologically specified sustainability targets." Kemp (2010: 2) defines EI as the "production, assimilation or exploitation of a product, production process, service or management or business method that is novel to the organization (developing or adopting it) and which results, throughout its life cycle, in a reduction of environmental risk, pollution and other negative impacts of resources use (including energy use) compared to relevant alternatives."
This study focuses specifically on technological EI, which implies new or significantly modified processes, products, or services that reduce environmental harms or generate environmental benefits, whether those benefits accrue to final customers or the firm itself. (Beise and Rennings, 2005; De Marchi, 2012) . That is, the definition we adopt "is based on the effect of the innovation activities independent of the initial intent and includes both incremental and radical improvements" (De Marchi, 2012: 615) .
Prior empirical work (e.g., Cleff and Rennings, 1999; Rehfeld et al., 2007; De Marchi, 2012; Triguero et al., 2013; Fleith et al., 2014) emphasizes the decisive influence of technological capabilities on EI. Such studies are anchored in a traditional technology-push view, for which technological determinants define innovation (Horbach, 2008) , including environmental innovation, which tends to be perceived as a specific type of technological innovation. General success factors include markets, laws, regulations, interfunctional collaboration, and innovation-oriented learning (Fleith et al., 2014) . In addition, unique to environmental innovation, it often correlates with stringent environmental policies (Frondel et al., 2008) and regulatory/institutional frameworks (Horbach, 2008; Cainelli et al., 2011; Belin et al., 2011; Berrone et al., 2013) .
A vast stream of literature also deals with the effects of external knowledge and open innovation strategies on technological innovation (e.g., Laursen and Salter, 2006; Leiponen and Helfat, 2010) . Because innovation draws on various sources of ideas, information, and knowledge, firms might enhance their chances of success by accessing more knowledge sources, networks of collaboration, or information exchanges. Wider horizons for accessing external knowledge sources also might be associated with successful innovation (Leiponen and Helfat, 2010) . Accordingly, our aim is to investigate the influence of three modes of openness-acquiring, sharing, and sourcing-on the adoption of EI. The influence of open search strategies on EI has received some research attention (e.g., Ketata et al., 2014; Ghisetti et al. 2015; Marzucchi and Montresor, 2017 ), yet we still know relatively little about the precise role of different open search strategies on the distinct types of EI (process and product).
In this sense, our study differs from previous research in three important ways. First, we consider the role of different modes of inbound open innovative flows for EI and try to determine which of these three modes should have the greatest relevance for the development of EI. Although Ghisetti et al. (2015) test the effects of knowledge source depth and breadth on firms' EI, they focus mainly on external information sources; Marzucchi and Montresor (2017) investigate the knowledge drivers of firm eco-innovations but emphasize a distinction between "Science, Technology and Innovation" and "Doing, Using and Interacting" modes.
Second, we consider the separate influences of these three modes of inbound open innovative strategies on environmental product versus process innovations (henceforth, ecoproduct and ecoprocess), thus extending Cleff and Rennings's (1999) insights. We develop hypotheses about the more or less important associations of the three inbound strategies with product and process EI, in an effort to explicate the relationship between various modes of inbound open innovation and two types of EI, as well as determine whether these strategies have similar or different effects.
Third, we analyze the role of the breadth of inbound modes for EI and control for the non-linear relationship between them and EI (Ghisetti et al., 2015) . In this regard, our objectives align with studies that test the influence of external sourcing on general innovation (Laursen and Salter, 2006) and EI (Ketata et al., 2014; Ghisetti et al., 2015) . However, whereas those studies define openness according to the scope or depth of external sources, we consider technology acquisition transactions, external collaboration, and the role of external knowledge inflows. We also add the potential moderating effect of absorptive capacity, measured as the firm's internal R&D, because external sources are difficult to absorb if the firm lacks this capability. That is, a lack of absorptive capacity may impede the firm's production of EI.
In the next section, we accordingly review prior literature on EI determinants, with a specific focus on openness modes, before we outline, in Section 3, the data set, variables, and Finally, we conclude with some implications for theory and practice and suggestions for further research.
Literature review and hypotheses
The economic importance of environmental innovation is undisputed, particularly as a means to reduce the negative externalities of pollution and waste (e.g., De Marchi, 2012; Ghisetti et al., 2015) . Growing literature focuses on innovation with environmental effects and its determinants, such as regulatory and institutional frameworks or supply-and demand-side factors (e.g., Cainelli et al., 2011 Cainelli et al., , 2015 Horbach, 2008) . To develop environmentally friendly products, firms must be able to innovate, and this ability is tightly linked to the knowledge pool available or accessible to the firm (e.g., Laursen and Salter, 2006; Leiponen and Helfat, 2010) . Researchers thus note the advantages of combining internal investments with external resources (Cassiman and Veugelers, 2002) , and many firms open their innovation processes to access and exploit external knowledge while leveraging their internal resources for core activities (Chesbrough, 2006) . By increasing the openness of their innovation processes, firms complement their internal R&D and make better use of external knowledge; that is, traditional R&D activities get augmented by external technologies or information sources (e.g., Ketata et al., 2014; Ghisetti et al., 2015) . Therefore, a crucial element of open innovation activities is firms' search for external knowledge (Köhler et al., 2012) .
Technological EI and more traditional technological innovation are analogous but distinct. First, "the knowledge required for successful sustainable innovation is both more complex and more uncertain than for traditional innovation engagements" (Ketata et al., 2014: 69) . The additional layers, its changing nature, and its dependence on various stakeholder groups (Hall and Vredenbvurg, 2003; Carrillo-Hermosilla et al., 2010) contribute to the greater complexity of EI. In turn, it requires different knowledge bases, competencies, and resources (Ghisetti et al, 2015; Cainelli et al, 2015; Marzucchi and Montresor, 2017) . Because of its relative newness, EI even may demand knowledge and competences that are not among the firm's current core competences (Horbach et al., 2012; Rennings and Rammer, 2010) .
Firms that strive for EI thus go beyond their core competences.
Second, as a stylized fact, EI requires knowledge inputs from heterogeneous sources, possibly more than other types of innovation (Ghisetti et al., 2015; Horbach et al., 2013;  than for traditional technological innovation. In this vein, EI exhibits a strong dependence on the breadth and depth of external sources, as well as on the existing regulatory framework and public financial support (Ketata et al., 2014) .
Although prior EI literature acknowledges the role of supply-and demand-side factors and regulations, the influence of openness remains unclear in light of the conflicting findings of extant empirical studies. By focusing on the effects of three modes of openness on ecoproduct and ecoprocess innovations, we predict that openness goes through different modes-R&D acquisition, R&D cooperation, and external information sources (e.g., suppliers, customers, competitors, R&D institutes)-to enable firms to develop knowledge-based capabilities and leverage their innovation capabilities and competences. 1 Moreover, we consider external knowledge assimilation, as reflected in the concept of absorptive capacity (Cohen and Levinthal, 1990) , which should help firms develop EI (Ketata et al., 2014; Ghisetti et al., 2015) .
Supply-side determinants: Search strategies for external knowledge
Open innovation reflects "how firms make decisions about whether to develop innovations internally or partner with external actors" (Dahlander and Gann, 2010: 700) .
From this perspective, firms make two important decisions about their search strategies for external knowledge. First, they must decide whether to use external knowledge. More open innovation should enable them to leverage external research and complement internal R&D, such that traditional R&D activities get augmented with inbound sourcing of external technologies (Chesbrough, 2006) . Boundary-spanning activities thus can speed up innovative processes and improve innovation performance (Laursen and Salter, 2006; Spithoven et al., 2013) . Second, when firms search for external knowledge, they choose among different modes. Dahlander and Gann (2010) identify two main forms. Inbound innovation is a process of acquiring or sourcing, such that the firm discovers, acquires, and uses information or resources developed by external partners. Outbound innovation implies that firms communicate their internal resources or competences to the external environment by revealing, signaling, or commercializing their resources. To investigate the extent to which the use of external knowledge influences firms' ability to introduce EI, we focus on inbound 6 innovation, the most widely studied type (West et al., 2014) , and we detail three modes:
acquisition, sharing, and sourcing.
Inbound innovation acquisition. This strategy refers to the acquisition of valuable resources or expertise from the marketplace (Dahlander and Gann, 2010) (Rouvinen, 2002) . The use of new equipment implies the generation of new knowledge, as a result of "learning by-doing" and "learning-by-using" effects (Cabral and Leiblein, 2001) , or it complements other external knowledge obtained from the same industry or technological field (Hervas et al., 2014) . The acquisition of new equipment, as a form of embodied knowledge, thus should encourage mainly process innovations (Rouvinen, 2002) .
Using the Spanish manufacturing CIS, Marzucchi and Montresor (2017) accordingly find a positive, significant effect of embodied R&D on the adoption of environmentally efficient technologies, but not on other types of eco-innovations (e.g., products). In line with these arguments and results, we predict:
H1a: Inbound innovation acquisition through the purchase of new machinery is likely
to be more associated with ecoprocess than with ecoproduct innovations.
Firms also can gain access to an external knowledge base through external R&D subcontracting or acquiring technologies from external partners (licensing). These operations imply a monetary reward for externally purchased ideas but also may complement the firm's internal knowledge base, increasing the likelihood of exploration and exploitation success.
Unlike patented license acquisitions, external R&D acquisition requires a mutual understanding between the focal firm and the seller of technology. External R&D generally is beneficial only if it exhibits some complementarity with the focal firm's internal knowledge (Cassiman and Veugelers, 2006) . However, empirical evidence of the influence of external R&D on ecoproduct and ecoprocess innovation is inconclusive: Horbach et al. (2012 Horbach et al. ( , 2013 find a slightly negative influence, but only on process innovations with environmental benefits in areas such as energy, dangerous materials, and recycling. De Marchi (2012) and Marzucchi and Montresor (2017) , using the Spanish CIS, do not find any significant influence of the acquisition of external knowledge, in the form of patents or licenses, on ecoinnovations (either process or product). According to Bönte and Dienes (2013) , with data from 15,200 manufacturing firms across 14 European countries gathered in the fourth CIS 7 wave, firms engaged in external R&D exhibit a lower probability of introducing energy and material efficiency process innovations.
Taking into account the costs of external R&D acquisition, a firm may be more willing to take this risk for product innovations than for process improvements, which tend to have smaller impacts. Due to the different characteristics of knowledge involved in product and process innovations, firms benefit less from complementing their internal knowledge with external R&D for process innovations than for product innovations, in terms of knowledge creation. This theoretical assertion is corroborated by cross-sectional firm-level results that reveal significant complementarities between internal and external R&D for product but not for process innovations (Krzeminska and Eckert, 2016) . In light of these considerations and previous empirical results, we predict:
H1b: Inbound innovation acquisition through external R&D is likely to be more associated with ecoproduct than with ecoprocess innovations.
Inbound innovation sharing. This type of openness implies that firms enhance their ability to introduce new or improved products or processes by building partnerships with other firms or non-commercial organizations. Firms that engage in collaboration gain access to complementary partners' knowledge or synergistic skills and capitalize on "incoming spillovers" (Kogut, 1988; Kogut and Zander, 1993; Cassiman and Veugelers, 2002) , such that they can access technology that they could not acquire from the market (Hagedoorn, 1993) , reduce any duplication of R&D efforts, mitigate the risks and costs associated with innovation projects (Sakakibara, 1997) , and gain economies of scale or scope (Kogut, 1988) . Research on the influence of R&D collaboration on EI offers convergent results: The effect is positive (De Marchi, 2012) . For example, European SMEs that collaborate with various actors increase market demand for their product EI (Triguero et al., 2013) . Collaborative networks with universities and public institutions are also essential drivers of all types of EI (Cainelli et al., 2011; Triguero et al., 2013) . Firms actively develop R&D partnerships to benefit from the incoming spillovers (Kogut and Zander, 1993; Triguero et al., 2013) .
However, inter-organizational cooperation may be more beneficial for ecoprocess than for ecoproduct innovation, perhaps due to the appropriability concerns that arise for product EI. Horbach et al. (2013) note a significant influence of R&D cooperation, but only for EI with environmental benefits for the firms that are related to dangerous substances (i.e., process innovation). Marzucchi and Montresor (2017) also find a positive influence of 8 cooperation on efficiency-related eco-innovations but not on the adoption of end-of-pipe solutions or new green products. That is, empirical evidence about the influence of R&D cooperation on green product adoption is somewhat uncertain (Marzucchi and Montresor, 2017) , but that pertaining to process EI seems to converge. Noting that firms' willingness to share knowledge about ecoprocess innovations (continuous, incremental) seems higher than their disposition to share ecoproduct innovations (discontinuous, radical) Triguero et al. 2013) , we develop the following hypothesis:
H2: Inbound innovation sharing (cooperation) is likely to be more associated with ecoprocess than with ecoproduct innovations.
Inbound innovation sourcing. Innovation sourcing describes the extent to which firms can use external information sources for their own innovation activities (Dahlander and Gann, 2010) .
Sourcing is a non-pecuniary inbound innovation used by the firm to search for freely available external ideas or knowledge to apply to their own R&D projects.
Despite considerable research on open innovation, empirical studies of the relationship between information sourcing and EI remain relatively scarce. However, the systematic, complex, multipurpose nature of EI increases the need for an expanded internal knowledge base (Belin et al., 2011; De Marchi, 2012; Ghisetti et al., 2015) . We consider different types of external sources of information, reflecting the specificities that mark cleaner technologies, relative to other alternative (or conventional)
technologies. That is, the interests and needs of all the partners in this highly uncertain and complex context makes external knowledge sources particularly important (Ketata et al., 2014) . Because EI is more high-tech, complex, and dependent on governmental policy interventions than most technological innovations, we dedicate particular attention to institutional sources. Moreover, the high level of uncertainty with respect to the impacts along the value chain (and environmental and social concerns) suggests that firms need to pay attention to market sources, reflecting the status of these markets as uncertain and unknown.
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Similar to prior empirical studies of the sources of innovation and collaborative networks, we distinguish external market from institutional sources (e.g., Amara and Landry, 2005 When it comes to the effects of such sources on process versus production innovations, Marzucchi and Montresor (2017) find that knowledge from suppliers, customers, competitors, industry associations, trade fairs, and conferences (synthetic knowledge) is highly relevant for all types of eco-innovation but especially so for ecoprocess innovations related to material or energy reduction, relative to end-of-pipe technologies or the implementation of green products. This result seems somewhat counterintuitive, considering the effect of market competition on the returns from product and process innovations (Cohen and Klepper, 1996) . Because product innovations are easier to imitate and appropriate, perhaps knowledge from external market sources is especially valuable when introducing new products in highly competitive conditions. In turn, the role of non-scientific knowledge sources (customers, suppliers, competitors) might be more critical for enhancing product than process innovation, because the former is more market driven than the latter. However, these non-scientific knowledge sources also could lead to rather incremental innovations.
According to Jensen et al. (2007) , tacit knowledge gained from a synthetic knowledge base provided by market sources frequently prompts learning-by-doing, using, and interacting (DUI) knowledge modes. Theoretically then, such market sources should be more beneficial for the introduction of product EI, and we hypothesize: H3a: Inbound innovation sourcing from external market sources is likely to be more associated with ecoproduct than with ecoprocess innovations.
Institutional sources of information facilitate knowledge-based innovations derived from science and related more directly to national innovation systems. Public research infrastructures enhance knowledge inflows and outflows among firms and institutions, generating an analytical knowledge base (Herstad et al., 2014) . In terms of the relevance of knowledge from institutions such as universities, governments, and public research institutes, the development of more radical innovations (product) demands more analytical knowledge than does the development of more incremental innovations (process). Belin et al. (2011) accordingly find a significant positive influence of institutional sources (universities) on EI in
France (see also Bönte and Dienes, 2013) . Despite empirical evidence of a positive influence of knowledge from institutional sources on innovation, only Marzucchi and Montresor (2017) and Del Río et al. (2010) 
Absorptive capacity as a moderator between inbound modes and EI
Absorptive capacity (AC) fosters the recognition, assimilation, and application of external knowledge (Cohen and Levinthal, 1990) . It "helps a firm to link external and internal technology sourcing, and thereby to benefit from ambidexterity in technology sourcing" (Rothaermel and Alexandre, 2009: 764) , and it facilitates the assimilation of new technologies developed elsewhere. Essential for knowledge sharing and sourcing (Liao et al., 2007) , AC has a pivotal function in terms of accessing knowledge from external partners (Koch and Strotmann, 2008) . This capacity is a key link between knowledge sharing and innovation (Muller and Zenker, 2001) . Using a productivity approach, Cassiman and Veugelers (2006) find improved innovation performance with a combination of internal and external R&D; in particular, external R&D enhances internal R&D if firms' willingness to use external ideas helps them avoid the "not-invented-here" syndrome (Katz and Allen, 1982; Lichtenthaler and Ernst, 2006) .
Various studies focus on the factors on which AC depends, such as internal R&D, which increases the intelligibility of external knowledge related to EI by reducing the cognitive 11 distance between the firm and external providers (Ghisetti et al., 2015) . But AC also embodies a firm's ability to handle knowledge internally and constitutes a "second face" of R&D (Cohen and Levinthal, 1989) . It enables the acquisition, assimilation, transformation, and exploitation of knowledge related to natural environmental protections through proactive environmental strategies. Moreover, AC combined with management support facilitates the adoption of successful environmental strategies and competitive advantages (Delmas et al., 2011; Lenox and King, 2004) . Even though most research has focused on the combination of external and internal R&D, we hypothesize that internal R&D is necessary for any types of external sources to be assimilated, which implies a moderating effect of AC, measured through internal R&D, on the links between inbound innovation and both types of EI: 
Dependent variables
In line with Ziegler (2015), we distinguish two dichotomous variables to determine if the firm produced an EI during the focal period. Ecoproduct (ecoprocess) is a binary variable, equal to 1 if the firm introduces a new or significantly improved product (process) with environmental benefits, which may be generated during the production stage in which it produces goods or services (e.g., reduced material use per unit of output, recycled waste, water, materials) or in the after-sales stage during the product's or service's use by end users (e.g., reduced air, water, soil, or noise pollution; reduced energy use; improved recycling of product after use). It equals 0 otherwise. Appendixes 1 and 2 contain the variable definitions and descriptive statistics, showing that 33% of firms in our sample introduced new or significantly improved ecoproducts, and 34% introduced ecoprocesses.
Independent variables
To investigate the relationship between openness and environmental innovation, we use external R&D acquisition, R&D cooperation, and different external sources of information as proxies for openness, classified according to three modes: inbound acquiring, inbound sharing, and inbound sourcing.
For inbound acquiring, we consider two binary variables: (1) acquisition of advanced machinery, software, or licensed patents and non-patent inventions or know-how to produce new or significantly improved products and processes and (2) external R&D, which reflects whether firms' innovation activities during the period were performed by other firms or public or private research organizations and then purchased by the focal firm. These variables are equal to 1 if that specific source inflow is crucial to firm innovation activities and 0 otherwise.
We find that 33% of firms acquired embodied knowledge, 20% used external R&D, and nearly 29% undertook R&D cooperation. Regarding sources of information, 25% relied on market sources, 9% used other sources, and only 2% benefited from institutional sources 3 (see Appendix 2).
As a robustness check, we also introduced a new measure to assess the breadth of inbound modes. Similar to Laursen and Salter (2006), Leiponen and Helfat (2010) , and Ghisetti et al. (2015) , this variable reflects three inbound innovation types. That is, we sum the three variables, Sourcing, Sharing, and Acquiring, to obtain Breadth, which varies from 0 when the firm uses no inbound information to 3 when it adopts all three modes.
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Researchers have measured AC with various indicators. Cohen and Levinthal (1990) use R&D intensity, but internal R&D is a more general measure. The convenience of measuring diverse internal sources of knowledge justifies the inclusion of an alternative variable, to check the robustness of our results. We therefore use intramural R&D as a proxy for AC (see Appendix 1).
In line with prior literature, we introduce a set of environmental regulation variables, 
Results and discussion
We apply a bivariate Probit model, because the ecoprocess and ecoproduct variables are not exclusive. 5 Table 1 contains the results of this bivariate Probit model for the likelihood of introducing EI. The results regarding the effects of openness on EI are significant, though we also find some differences across the influences of the various modes on ecoproduct and ecoprocess innovations.
Regarding inbound acquisition, we find a significant, strongly positive association of the acquisition of embodied technology with ecoproducts and ecoprocesses, but the latter link is stronger, in line with H1a. External R&D similarly has significant influences on all types of EI, but it is stronger for ecoproducts than for ecoprocesses, in support of H1b. Inbound sharing (R&D cooperation) is more positively associated with ecoprocesses at the firm level than with ecoproducts, in support of H2. Laursen and Salter (2014) explain that this type of non-pecuniary inbound open innovation is strongly influenced by a firm's pecuniary logic, as manifested by its capability to appropriate innovative returns.
5 Reverse causality may be a concern. Any eco-innovation shock might induce changes in the firm's openness that are not directly due to changes in the firm's inbound strategies per se. Unfortunately, we cannot control for this possibility, because we lack instruments to do so in our data.
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The results for inbound sourcing vary with the type of information source. Market sources of information are positively and significantly associated with firms' involvement in ecoproduct and ecoprocess innovation, more so with products than with processes, in support of H3a, but only when we exclude a moderating role of intramural R&D. However, the intensive use of institutional sources has no significant effect on the likelihood of ecoproduct or ecoprocess innovation, so we must reject H3b. Firms use collaborations with universities to explore new knowledge that is distant from their market, not to achieve new products and processes directly (Feller et al., 2002) . Successful collaboration with universities demands prior ties, certain technological similarities, and geographic closeness (Petruzzelli, 2011) , which may be more difficult for EI than for more traditional technological innovations, because of its newness. With regard to the other sources (e.g., patents, databases, trade literature, fairs), Table 1 indicates a slightly positive effect on ecoproducts, but only in the model that does not include absorptive capacity.
To test for the moderation of AC, we consider the direct influence of intramural R&D and its indirect influence for each mode of openness (Table 1) , by introducing interaction terms between the inbound modes and intramural R&D 6 . The results show that all interaction terms are significant and negative. These counterintuitive results differ from those of recent empirical studies that indicate firms actively develop R&D partnerships to benefit from incoming spillovers (Kogut and Zander, 1993; Triguero et al., 2013) . But the likelihood of EI decreases, with levels of significance that vary with the type of inbound sourcing, for firms that invest in both internal R&D and external open innovation modes. We therefore reject H4.
Insert Table 1 here
As a robustness check, we test our hypotheses using a measure of the breadth of inbound modes for external knowledge, instead of individual modes of inbound innovation (Table 2) . With this new specification, we can measure the search intensity and its nonlinear effects on ecoproducts and ecoprocesses. The results indicate that the Breadth of inbound modes has a positive, significant impact on EI in all models, which reinforces our previous findings (Table 1) and confirms the general hypothesis that openness drives EI. Furthermore, the parameter for Breadth 2 is negative and strongly significant in all models, indicating decreasing returns on information sources when firms use too many search strategies. This result implies a curvilinear, inverted U-shaped relationship between the breadth of openness and EI. It appears that though intensive search strategies for external knowledge enhance the probability of EI, deepening this search beyond a certain level may be adverse. Perhaps the implementation and use of inbound information sourcing has some potential disadvantages, related to the difficulty of choosing and combining too many alternatives and aligning them with existing knowledge (Petruzzelli, 2011) . Overly deep search strategies thus could have negative effects on firms' profitability and ability to introduce EI. Despite the positive effects of deep search strategies, exaggerating search beyond a certain level may create problems for allocating human and financial resources, such as developing and managing internal knowledge or searching for and assimilating external information. Such allocation challenges in turn might create a conflict-laden, adverse environment that hampers EI.
Insert Table 2 here
For the other explanatory variables, we find that reducing labor costs can help explain EI (Kesidou and Demirel, 2012; Horbach et al., 2012 Horbach et al., , 2013 , especially ecoprocesses; the coefficient for ecoproducts is negative, probably due to appropriability concerns. Among the demand factors, the geographic market variable is positively and significantly associated with EI as a clean technology (firm level); the coefficient of ecoproduct innovation as end-of-pipe technologies (market level) instead is insignificant. As expected, we find positive, significant coefficients of market demand in all models (Horbach, 2008; Triguero et al., 2013) .
Environmental policy factors also have important roles, as motivators that trigger both types of environmental innovation, though some differences arise depending on the nature of the regulation and the environmental policy instrument. In this regard, existing regulations enhance ecoproduct and ecoprocess innovations, encouraging the adaptation of environmental technologies and the alleviation of the double externality problem. The stringency of regulations probably influences the direction, rate, and radicalness of eco-innovations . Although the influences of existing regulations are stronger for ecoprocess than for ecoproduct innovations, our results suggest that they are equally effective for both types, in contrast with previous studies that offer the contrary findings that existing regulations only affect ecoproduct innovations (Triguero et al., 2013) or else are crucial mainly for ecoprocess innovations (Cleff and Rennings, 2000) . Expected regulations only increase the likelihood of adopting ecoproduct, not ecoprocess, innovations, a result that corroborates evidence provided by Horbach et al. (2012) regarding the positive influence of expected future regulations on environmental product innovations. Even with the greater significance for explaining ecoprocess innovations, we find positive coefficients for the influence of voluntary codes on both types of eco-innovation. That is, the adoption of voluntary agreements by firms probably makes it easier for them to face expected changes in regulations in the long term, based on the existing regulatory framework.
Regarding control procedures, or the existence of firm procedures to identify and reduce environmental impacts (e.g., audits, ISO 14001), substantial literature indicates positive influences on ecoproduct and ecoprocess innovations. Similar to these studies, we confirm these positive influences. However, we find no significant evidence for a role of subsidies or other public financial incentives (public funding), in contrast with Horbach's (2008) assertion of an important role of subsidies for motivating firms to introduce EI, but in line with some other studies (Belin et al., 2011; Triguero et al., 2013; Cuerva et al., 2014) .
Considering these heterogeneous consequences of different environmental policy instruments, green taxes established to reflect the abatement costs across firms and sectors seemingly could enhance efficiency and social welfare better than regulations, control procedures, and voluntary codes (Baumol and Oates, 1988) . Mazzanti and Rizzo (2017) suggest that marketand regulation-driven environmental policy instruments should be combined with other measures, such as renewable quotas or organizational, behavioral, educational, and societal innovations, to promote eco-innovation. Despite the difficulty associated with designing an effective policy, tailored to specific sectors, our findings indicate that "ecological tax reforms" are needed to achieve a low carbon economy and accomplish international climate targets (Borghesi et al., 2015) . We summarize all these results in Table 3 .
Insert Table 3 here
Conclusions
This research analyzes the relevance of search strategies for external knowledge as they relate to environmental innovation. We explore the role of different modes of openness for EI, considering the influences of acquisition and external R&D (inbound innovation acquiring), R&D cooperation (inbound innovation sharing), and external information sources (inbound innovation sourcing), to explain environmentally friendly product and process innovations. To do so, we offer a bivariate Probit model, together with sensitivity and robustness checks, using data from the French CIS 2008. Our results provide novel evidence about the relationship between inbound open innovation strategies and EI. We find different effects of the diverse search strategies on the implementation of ecoproduct and ecoprocess 18 innovations. Inbound acquiring (embodied technology or external R&D) has a positive influence on ecoproducts and ecoprocesses. We find similar results for R&D cooperation, confirming the essential role of formal cooperation agreements for both types of EI.
Regarding information sources, market sources of information are positively and significantly associated with all types of EI; institutional sources do not exert any influence on EI. Overall, we find that most open search strategies contribute either to both types of EI or to neither. In line with our predictions, the acquisition of embodied technology and formal cooperation agreements are more important for ecoprocess than for ecoproduct innovations, whereas external knowledge from market sources (customers, suppliers, competitors) is more relevant for ecoproducts than for ecoprocesses. Different knowledge bases, appropriability mechanisms, and imitation processes related to each type of EI help explain these results.
Furthermore, the results are in line with prior evidence that suggests there are no substantial differences in the drivers of product versus process innovations. Thus, firms adopt both types of EI to improve their competitive advantage, because one type of innovation often requires the other. As a managerial recommendation, our findings suggest a mixed ecoproductecoprocess strategy for firms that hope to benefit from an open approach.
Firms' absorptive capacity, captured as internal R&D, negatively moderates the effect of search strategies for external knowledge on EI. This finding implies that a substitutive effect among internal R&D and open search strategies could exist. Such strategies act as complements of AC up to a certain point, but then as substitutes thereafter, and this substitution effect likely is greater for firms with more R&D capacity (Berchicci, 2013) .
Another tentative argument, similar to Ghisetti et al.'s (2015) , suggests that interactions with external knowledge sources increase the chance of mismatches between external and internal R&D programs and generate problems related to the dispersion of decision makers' attention or resources. European countries that demonstrate similar patterns of eco-innovation and similar institutional frameworks. Second, we concentrate on manufacturing firms; service firms might also be of interest, considering their prominence in modern economies. Other independent variables related to openness might be added, such as belonging to a cluster, which is a primary channel for diffusing information across firms and gathering knowledge-based social capital to enhance EI. To inform public policy makers, research should compare the search strategies for EI against those for non-environmental innovations, to determine if EI requires more or different types of openness modes. Finally, assessing various complementarities among sources of information and across innovation types could be interesting; firms rarely choose to concentrate on one source or innovation type but instead prefer to combine them (Dahlander and Gann, 2010) . Notwithstanding these caveats, the evidence we present highlights implications for practice management related to the complex combination of internal and external knowledge required to enhance EI activities. Institutional sources Equal to 1 if universities, other higher education institutions, government, or public research institutes as sources of information are "crucial" for the firm's innovation process, and 0 otherwise
Other sources Equal to 1 if conferences, scientific journals, professional associations, or technical standards as sources of information are "crucial" for the firm's innovation process, and 0 otherwise
Other supply factors
Intramural R&D Equal to 1 if the firm undertakes internal R&D activities to increase its stock of knowledge, and 0 otherwise Cost reduction Equal to 1 if the firm has introduced an environmental innovation to reduce labor costs, and 0 otherwise
Internal sources Equal to 1 if departments within the firm or enterprises within the same group as sources of information are "crucial" for the firm's innovation process, and 0 otherwise
Environmental policy factors
Existing regulations Equal to 1 if the firm has introduced an environmental innovation in response to existing environmental regulations or taxes on pollution, and 0 otherwise Expected regulations Equal to 1 if the firm has introduced an environmental innovation in response to environmental regulations or taxes that the firm expects to be introduced in the future, and 0 otherwise 
